Preparation, Characterisation and Primary Application of a Panel of MAbs against Haemagglutinin of High Pathogenic H5 Avian Influenza Virus by 陈毅歆
学校编码：10384                           分类号      密级        
学号：200226047                           UDC                    
 
 
厦  门  大  学 
硕  士  学  位  论  文 
 
 
高致病性 H5 亚型禽流感病毒 
血凝素单抗盘的制备、鉴定与初步应用 
 
Preparation, Characterisation and Primary 
Application of a Panel of MAbs against 






指导教师姓名： 夏 宁 邵  教授 
专 业  名 称： 细 胞 生 物 学 
论文提交日期： 2005 年 8 月 20 日 
论文答辩时间： 2005 年 9 月 28 日 
学位授予日期： 2005 年 9 月 28 日 
 
答辩委员会主席：曾 定   教授 
评    阅    人：曾 定、牛建军      
 























四、H5N1 病毒在我国的起源、分布和扩散 ………………………………31 
五、流感病毒爆发大流行的潜在可能性 …………………………………32 
六、本论文的研究思路、目的和意义 ……………………………………34 
第二章 材料与方法 ……………………………………………………37 
一、材料 ……………………………………………………………………37 
二、方法 ……………………………………………………………………49 
第三章 结果与分析 ……………………………………………………69 
一、免疫原的准备 …………………………………………………………69 
二、H5 型单抗的制备及鉴定 ………………………………………………72 
三、H5 型单抗盘的应用 ……………………………………………………88 
1.  利用单抗盘对 H5N1 病毒做抗原性分析  ……………………………88 
2.  单抗在 H5 流感病毒诊断试剂中的应用………………………………92 





































































Chapter 1: Preface...................................................................................1 
I. The biological properties of Influenza A Virus...............................7 
II. The special diagnosis of Influenza virus........................................21 
III. The evolution of Influenza virus.....................................................25 
IV. The Genesis、distribution and diffusion of H5N1 in China……31 
V. The potential of next pandemic ......................................................32 
VI. The thinking、purpose and meaning of this research………......34 
Chapter2:  Materials and Methods................................................37 
I. Materials...........................................................................................37 
II. Methods.............................................................................................49 
Chapter3:  Results and Analysis.....................................................69 
I. Preparation of the immunogen.....................................................69 
II. Preparation and evaluation of mab against H5………...............72 
III. The application of the panel of H5……………………………....88 
Chapter4:  Discussion........................................................................100 
I. The specility of development of mab against influenza virus...100 
II. The character of the panel of H5 mab ........................................102 
III. Analysis of antigenic variation of influenza virus......................103 
IV. The significance of establishing of the diagnostic  
reagents for influenza virus........................................................104 
V. H5N1――The most potentially virus of next pandemic……....105 
VI. The next work................................................................................106 
Brief summary ........................................................................................109 
References.................................................................................................110 
















缩   略   语 
Abbreviations 
 
缩写 英文全称 中文名称 
4003 A/Ck/ST/4003/04(H5N1) H5N1 病毒株 4003 
6151 A/Dk/ST/6151/03(H5N3) H5N3 病毒株 6151 
AI avian influenza 禽流感 
AIV avian influenza virus 禽流感病毒 
BhGs bar-headed goose 斑头雁 
CGIA colloid gold immunoassay 胶体金免疫检测 
Ck chicken 鸡 
DFA direct fluorescent assay 直接免疫荧光检测 
Dk duck 鸭 
ELISA enzyme-linked immunosorbent assay 酶联免疫吸附实验 
ER endoplasmic reticulum 粗面内质网 
FJ fujian 福建 
Flu influenza 流感 
Freunds freunds adjuvant 福氏佐剂 
Ghr grey heron 灰苍鹭 
Golgi golgi body 高尔基体 
Gs goose 鹅 
GX guangxi 广西 
HA hemagglutinin 血凝素 
HI haemagglutination inhibition test 血凝抑制实验 
HK hong kong 香港 
HN hunan 湖南 
HPAIV high pathogenic avian influenza 
virus 
高致病禽流感病毒 
HRP horseradish peroxidase 辣根过氧化物酶 
i.d. intradermal 皮内注射 
i.m. intramuscular 肌肉注射 
i.n. innasal 鼻腔注射 
i.p. intraperitoneal 腹腔注射 
i.v. intravenous 静脉注射 















JX jiangxi 江西 
kD kilo daltons 千道尔顿 
LPAIV low pathogenic avian influenza virus 低致病禽流感病毒 
M matrix 基质蛋白 
mAb monoclonal antibody 单克隆抗体 
MDCK madin－darby canine kidney 犬肾细胞 
Mdk migrate duck 侯鸟野鸭 
NA neurominidase 神经氨酸酶 




NDV new castle virus 新城疫病毒 
NES nuclear export sequence 核出口序列信号 
NLS nuclear location sequence 核定位序列信号 
NP nucleocapsid 核壳蛋白 
NPAIV non-pathogenic avian influenza virus 非致病禽流感病毒 
NS nonstructural 非结构蛋白 
PA polymerase A 多聚蛋白酶 A 
pAb polyclonal antibody 多克隆抗体 
PB1 polymerase B1 多聚蛋白酶 B1 
PB2 polymerase B2 多聚蛋白酶 B2 
PEG polyethylene glycol 聚乙二醇 
PMK primary rhesus monkey 新生恒河猴 
POC point-of-care 床边诊断 
Ql quail 鹌鹑 
RIBIs RIBIs adjuvant RIBI 佐剂 
RNPs ribonucleoproteins 核糖核蛋白体 
s.c. subcutaneous 皮下注射 
ST shantou 汕头 
THL thailand 泰国 
vRNA viral RNA 病毒 RNA 
vRNPs viral ribonucleoproteins 病毒核糖核蛋白体 
Wb wild birds 野鸟 
Wdk wild duck 野鸭 
YN yunnan 云南 





















高致病性 H5N1 禽流感病毒自 1997 年在香港首次爆发并致死六人后，













H5N1 病毒株的 HA1 基因序列的进化规律，初步筛选出一株代表性病毒
株――A/Ck/HK/Yu22/02（H5N1）作为抗 H5 型单抗盘制备的主要免疫原。

























第三，选取了约 15 株来自不同地区、不同时间、不同宿主的 H5 型流






试验，至少发现有 18 株中和性质有所差别的 H5N1 流感病毒中和单抗。 
第四，利用 H5 单抗盘对近年来分离的多株 H5N1 病毒株做 HA 抗原性
变异分析，发现 H5N1 病毒 HA 的抗原性变异与地域、时间、宿主类型有关。
该方法可以弥补分子进化分析仅局限于理论水平上的预测而无法直接认
识病毒表型性质的不足。 
后，应用上述建立的 H5 单抗盘首次建立起系列 H5 型流感病毒的诊






























Six persons were killed in the first outbreak of high pathogenic 
H5N1 avain influenza virus in Hong Kong in 1997. H5N1 began to attack 
southeastern and central Asia since late 2003. In addition to 
causing fatal human diseases with 63 people dead, this new outbreak 
of H5N1 virus severely smashered the agricultural economy and led 
heavy loss of national economy in the outbreaking country. WHO has 
already warned the whole world, pointed out that the H5N1 virus 
would become the candidate for the next pandemic influenza and has 
already launched to organize the government all over the world to 
participate the pandemic prepareness plan. But the biggest weakness 
of this plan is the lack of rapid diagnostic tests for influenza. 
Obviously, it is urgent to develop a rapid and reliable diagnostic 
regents against H5N1 virus. This regents would be helpful in 
controlling the circulation at the beginning of the outbreak and 
reducing the loss caused by the pandemic. The purpose of this 
research is to establish a panel of mAbs against HA of H5N1 virus 
for the antigenic analysis of H5N1 virus and then develop a series 
of rapid diagnostic regents for H5 influenza virus used in different 
circumstance. 
Fisrtly, with the help of phylogenetic analysis of H5N1 virus 
isolated from southeastern Asia recently, we know the evolution 
genesis of the HA1 gene in H5N1, then the high pathogenic strain 
“ A/Ck/HK/Yu22/02” was chosen as the immunogen of H5 mAb 















virus”A/Dk/JX6151/03” was selected to boost the immunization. 
Secondly, to confirm the intact antigenicity of Yu22 after 
inactivated by formalin, we developed the polyclonal antibody using 
Yu22. Then Yu22 was used as the antigen to develop mAbs of H5 with 
the normal method and rapid method respectively, finally 24 lines 
of H5 mAbs were acquired. These mAbs was made of a panel of H5 mAbs. 
The rapid method is an efficient way, in which fusion could be 
carried out 13 days after inoculation while two months were needed 
in the normal method. It is also a more productive way to get more 
lines of mAbs. After getting the H5 mAbs, we deeply know the 
speciality in preparing mAbs against influenza, and find that live 
virus caused different effect compared with inactivated virus. In 
this way, we have acquired lot of experience for influenza mAb 
development. 
Thirdly, after characterization of 24 lines of H5 mabs by HI 
test, IFA and neutralization test with 15 lines of  H5 virus, the 
mabs can be divided into three groups: (i) Those who have strong 
reactivity with most H5 viruses and have high value in the 
development of diagnosis regents (2F2 as the representative)；(ii) 
Those who have moderate reactivity with most viruses ,and can be 
well used in HI tests for subtyping of influenza virus（13G4 as the 
representative）；(iii)the third group only have slight reaction 
with few viruses ,so they could not be used at present.  According 
to the result of the neutralization test, we selected 18 lines of 
mabs which have different neutralization property. 















HA gene of H5N1 virus, we find that the variations of HA gene of 
the H5N1 virus bear with the region, time and  host type 
respectively. This method can make up the shortage of  the 
phylogenetic analysis which only was limited in the speculating 
theoretically. 
At last, some mabs were choosed from the panel of H5 mabs to 
establish three assays including H5-Ag ELISA ,H5-Ab ELISA and H5-Ag 
CGIA which can be used in H5N1 viruses detection. Results showed 
that these mabs have good specificity and sensitivity for detecting 
























（Fowl Plague）。全世界首次报道的禽流感流行发生于 1878 年的意大利，
1901 年 Centanni Saranuzzi 分离和描述了该病的病原，但直到 1955 年






在世界各地分离的 16 个 H 亚型和 9 个 N 亚型禽流感病毒中，高致病性禽
流感均由 H5 或 H7 亚型病毒引起。 
自 1997 年香港首次发生高致病性禽流感病毒 H5N1 致人死亡事件后，
该病毒已成为人类生命安全的新威胁，尤其是 2003 年底至今东南亚各国
再次持续爆发的禽流感病毒 H5N1 流行，截止至今年 4月已导致 54 人死亡
(图 1－1)，且未见流行停止[2]。此次流行的 H5N1 毒株具有两个新特征：
（1）集中发病于少年和青壮年；（2）高致死率，2004 年的 44 例 H5N1 感
染患者即有 32 人致死[3]。鉴于东南亚 H5N1 流行的形势，WHO 不得不发出
警告：东南亚 H5N1 流行如得不到及时控制，将可能引发全球流感大流行，
































图 1－1  近年来东南亚各国 H5N1 爆发形势 
Fig.1-1  Situation of H5N1 outbreak in Southeastern Aisa 
















































图 1－2  流感病毒命名的图解 
Fig.1－2  A schematic diagram of influenza virus 
From： 
 
表 1－1  甲、乙、丙型流感病毒的比较 
Tab.1－1  Comparison of influenza A, B and C virus 
性质 甲型 乙型 丙型 
变异性 变异较快 变异较慢 未见变异 
流行性 世界性流行 局部流行 散发流行 






























图1－3  流感病毒颗粒电镜图 

















图 1－4  流感病毒的囊膜结构 




































甲型流感病毒的基因组由 8个线状的单链﹑负义的 RNA 片段组成。这
8个片段至少编码 10 个病毒蛋白，即 8个结构蛋白（PB2、PB1、PA、HA、
NP、NA、M1、M2）和两个非结构蛋白（NS1 和 NS2），根据分子量大小排序，
8条基因分别为片段 1～8，其中的片断 7和片段 8分别各编码两种蛋白，
参见表 1－2和图 1－5[6]。 
流感病毒的RNA片断有如下共同特点:(1)所有片段的5’端前有相同
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